Geographical heterogeneity in the composition of biotic interactions can create a mosaic of selection regimes that may drive the differentiation of phenotypes that operate at the interface of these interactions. Nonetheless, little is known about effects of these geographical mosaics on the evolution of genes encoding traits associated with species interactions. Predatory marine snails of the family Conidae use venom, a cocktail of conotoxins, to capture prey. We characterized patterns of geographical variation at five conotoxin genes of a vermivorous species, Conus ebraeus, at Hawaii, Guam and American Samoa, and evaluated how these patterns of variation are associated with geographical heterogeneity in prey utilization. All populations show distinct patterns of prey utilization. Three 'highly polymorphic' conotoxin genes showed significant geographical differences in allelic frequency, and appear to be affected by different modes of selection among populations. Two genes exhibited low levels of diversity and a general lack of differentiation among populations. Levels of diversity of 'highly polymorphic' genes exhibit a positive relationship with dietary breadth. The different patterns of evolution exhibited by conotoxin genes suggest that these genes play different roles in prey capture, and that some genes are more greatly affected by differences in predator-prey interactions than others. Moreover, differences in dietary breadth appear to have a greater influence on the differentiation of venoms than differences in the species of prey.
Introduction
Biotic interactions shape the evolutionary trajectories of participating species [1, 2] . Selection from geographical heterogeneity in the composition and strength of interactions can drive the divergence of traits that operate at the interface of these interactions [3] . Such patterns of divergence may reflect adaptive coevolutionary responses, as suggested for defences of fruitflies to parasitoid wasps [4] and resistance of garter snakes to their toxic newt prey [5] . In addition, variation in phenotypes that are directly coupled with predation or herbivory can be associated with variation in the availability or characteristics of nutritional resources. Relevant examples of such phenotypes include beaks of Darwin's finches [6] , gill rakers of alewives [7] and sticklebacks [8] , radular teeth and drilling behaviours of marine snails [9, 10] , and venoms of snakes [11] [12] [13] . Associations between phenotypes and resources may be genetically based [7, 10, 14] , but limited knowledge of genes associated with resource acquisition limits our ability to determine the impact of geographical mosaics of species interactions on the genetic differentiation of populations [3] .
Venom, widely employed as an effective tactic of predation, plays an important role at the interface of predator -prey interactions. Geographical variation of venom composition occurs in some snakes and is suggested to evolve in response to changes in diets [11, [15] [16] [17] . Cone snails (of the family Conidae) are predatory gastropods that use a venom primarily to capture prey. Venom components of these snails (termed 'conotoxins' or 'conopeptides') are encoded by members of several large gene families, and target a variety of ion channels and neuronal receptors [18] . Conotoxin genes evolve extremely rapidly, and are subject to extensive gene turnover and strong positive selection [19, 20] . High variability in venom composition and potency has been found among populations [21] , within populations [22] , and even within a single specimen of Conus species through time [23] . However, the variability of conotoxin genes and their association with changes in prey specialization are unclear.
Conus ebraeus is a vermivorous species that is widely distributed and relatively common in nearshore habitats of the Indo-West Pacific. Based on the analyses of sequences of a region of the mitochondrial cytochrome oxidase I (COI) gene, this species exhibits little if any genetic population structure throughout tropical Pacific regions of the Indo-West Pacific [24, 25] . Nonetheless, populations exhibit significant difference in allelic frequencies at a conotoxin gene E1, a pattern that may have resulted from selection on venom composition owing to difference in prey utilization among populations [26] .
Venoms of cone snails are comprised numerous conotoxins. Do other conotoxin genes exhibit the same pattern as locus E1? Or do conotoxin loci differ in their patterns of geographical variation, suggesting different roles and functions of their gene products in species interactions? Is the evolution of conotoxin genes associated with changes in prey specialization? To address these questions, we examined the diversity of conotoxin genes of four predominant conotoxin superfamilies (A, I, M and O) that are expressed by this species, identified five loci to examine patterns of variation, genotyped individuals from three locations in the Indo-West Pacific (Hawaii, Guam and American Samoa) at the five conotoxin loci, and examined patterns of variation based on the genotype information. We also collected faecal materials of individuals from these locations, determined the identity of consumed prey items with a DNA-based approach, and quantified prey diversity within and among populations. Finally, we used statistical approaches, including canonical correspondence analysis (CCA) and regression, to evaluate the correspondence between patterns of variation of conotoxin genes and diet.
Material and methods (a) Specimens and faecal samples
We collected specimens of C. ebraeus at Guam in June 2008, Hawaii in June/July 2009, and American Samoa in November 2000 and July/August 2009; we deposited all materials in the Mollusc Division collections at the University of Michigan Museum of Zoology. We collected faecal samples by placing individual snails into separate cups with seawater and preserved expelled faeces in 95% ethanol. We preserved venom ducts in RNAlater (Ambion, Inc.), and stored at 2208C and then 2808C.
(b) cDNA preparation and characterization of members of each gene family
We extracted messenger RNA (mRNA) from venom ducts of 31 individuals of C. ebraeus from Hawaii, 39 individuals from Guam and 15 individuals from American Samoa, and synthesized cDNA following the procedure described by Duda & Palumbi [20] . In short, we used streptavidin beads with biotinylated Oligo-dT to capture venom duct mRNA and synthesized cDNA by reverse-transcription. We used general primers designed in conserved regions of A-, I-, M-and O-superfamily conotoxins (electronic supplementary material, table S1) to amplify members of these gene families from venom duct transcripts of one to five individuals from each location. We ligated PCR products into vectors and transformed them into competent cells using the original TA cloning kit with top 10 competent cells (Invitrogen). We screened colonies and sequenced amplification products of expected target sizes at the University of Michigan DNA Sequencing Core. We examined sequence chromatograms in SEQUENCHER v. 4.8 (Gene Codes Corporation), and manually aligned sequences with SE-AL v. 2.0a11 [27] based on similarity of nucleotide and predicted amino acid sequences and consistency in the structure of the cysteine backbone of each superfamily. We constructed gene trees for members of each superfamily with maximum-likelihood methods in MEGA v. 5.05 [28] , using the best models that were selected by JMODELTEST v. 0.1.1 [29] , complete deletion of gaps, nearest-neighbour interchange (NNI) branch-swapping approach and bootstrap analyses of 100 replicates. We identified putative loci based on phylogenetic relationships of all recovered sequences and the criterion that average genetic distances within loci (i.e. among putative alleles of a single locus) are smaller than distances among loci.
(c) Individual genotyping
We designed locus-specific primers for several of the putative loci that exhibited allelic variation, and genotyped individuals from each location for five of these loci through amplifications (electronic supplementary material, table S2) and direct sequencing of products. We used GoTaq master mix (Promega) as PCR reagents, and set each PCR cycle to 30 s at 948C for denaturation, 30 s at 50-528C for primer annealing and 45 s at 728C for extension. We determined allelic sequences either from sequences recovered earlier via cloning or from chromatograms of putative homozygous individuals (i.e. those that did not contain any double peaks). Sequences of new alleles that were not recovered through cloning or from homozygotes were determined by subtracting peaks of known alleles from chromatograms with double peaks. For certain alleles that could not be distinguished in these manners, we designed additional allele-specific primers (electronic supplementary material, table S3) and examined sequences obtained through amplifications with these primers.
(d) Population analyses of single locus
We aligned alleles of each locus using SEQUENCHER (v. 4.8) with assembly parameters of 95% identity. We examined and visualized allelic divergence and patterns of variation among locations in the form of statistical parsimony networks with TCS v. 1.21 [30] , after removal of the 3 0 untranslated regions and stop codons. We calculated nuclear diversity and gene diversity indices with ARLEQUIN v. 3.1 [31] using the Tamura -Nei model [32] . To verify the validity of our assumption that we were characterizing alleles of single loci, we performed exact tests of Hardy-Weinberg equilibrium in ARLEQUIN, and determined the significance cut-off after correction for multiple tests [33] . We examined population divergence with pairwise F-statistics, and determined the significance of results through 10 100 random permutations from the pooled dataset. We performed hierarchical AMOVA [34] with all three possible hierarchical groupings (electronic supplementary material, table S4) for each locus, and compared levels of genetic variance among groups and within groups across the three alternative groupings.
We evaluated the neutrality of each locus at each location by estimating Tajima's D [35] and Fu's F S [36] values in ARLEQUIN, as well as Fu & Li's D* and F* [37] in DNASP v. 5 [38] with complete deletion of gaps in the aligned gene sequences. We also estimated the number of non-synonymous substitutions per non-synonymous site (K a ) and the number of synonymous substitutions per synonymous site (K s ) between alleles of each rspb.royalsocietypublishing.org Proc. R. Soc. B 282: 20141984 locus in DNASP with the Nei -Gojobori model [39] , and plotted K a against K s to evaluate the neutrality of each locus.
(e) Multi-locus population data analyses
We used 30 individuals from Hawaii, 29 from Guam and 14 from American Samoa that were genotyped at four loci (ED4, ED6, ED20 and EA4) for multivariate data analyses. Information from locus E1 was not included, because individuals that were genotyped for this locus are not the same as those genotyped for the other loci. We tested for linkage disequilibrium in each population with GENEPOP [40, 41] , and pooled genotypic data of the four genes for clustering analyses with STRUCTURE v. 2.3.3 [42] . We used an admixture model, correlated allelic frequencies model and location priors. We ran the MCMC analyses for 100 000 steps for K ¼ 2, 3 and 4 (K ¼ number of clusters), removed the first 10 000 results as burnin and examined convergence of F ST values and a. We estimated posterior probabilities of different K from their log likelihood to determine the most likely clustering pattern of individuals based on these loci.
(f ) Identification of prey and estimation of dietary diversity
We identified prey species from faecal samples of C. ebraeus individuals with a DNA-based approach that was described previously by Duda et al. [26] . In brief, we extracted DNA from faeces and amplified a region of the mitochondrial 16S rRNA gene with primers that should preferentially amplify annelid but not gastropod 16S rRNA gene. We directly sequenced amplification products, aligned sequences to polychaete sequences downloaded from GenBank (accession numbers labelled in the names of sequences in electronic supplementary material, figure S4 ) and performed model selection and phylogenetic analyses of these sequences. Because putative prey species are members of two major groups within Polychaeta (orders Eunicida and Phyllodocida), we separated the 16S rRNA gene sequences into two datasets composed exclusively of sequences of putative Eunicida species and Phyllodocida species. Bayesian consensus phylogenies were constructed in MRBAYES v. 3.1.2 [43] with each dataset (5 000 000 generations, two runs, four chains and 25% burnin) and the best models selected in JMODELTEST. We determined prey species identities based on the clustering patterns of faecal sequences with sequences of polychaetes from GenBank. We used Shannon -Wiener's index (H 0 ) [44] and mean genetic distances to quantify dietary diversity at each location. To adjust for different sample sizes among locations, we estimated prey species richness [45] at each location by building rarefaction curves in the vegan package [46] in R v. 2.15.0 [47] and downsizing the sample sizes of populations to the lowest sample size (i.e. n ¼ 19 for the population from American Samoa). We estimated proportional similarity indices (PS I ) [48] , Pianka's overlap indices [49] and a measure of the phylogenetic disparity of prey items ('D ST ', a measure that is analogous to measures of F ST and based on sequences recovered from prey) to quantify the extent of geographical differentiation in diet. We estimated mean genetic distances with the K80 model [50] in MEGA v. 5.05, and estimated D ST values by F-statistics in ARLEQUIN with the Tamura -Nei distance model. We evaluated significance of PS I and Pianka's overlap index values through a Monte Carlo simulation approach that randomizes prey items recovered for paired samples based on pooled frequencies of prey from these samples. The analysis compares observed PS I and Pianka's overlap index values to the distribution of these values calculated from 10 000 simulated datasets, and determined p-values from the number of simulated values that are less than or equal to the values observed for the original data.
(g) Association between variation of venom genes and dietary heterogeneity
To evaluate how diversities of conotoxin genes are associated with dietary variables, we employed CCA [51] . CCA is a multivariate statistical tool for determination of correlative patterns of a set of variables [51] . We constructed two contingency tables with five conotoxin genes as column variables, three locations as row variables and the gene/nucleotide diversities as inputs of each cell; we built another contingency table with three locations as row variables, and H 0 and mean genetic distances of prey items as column variables. We performed canonical correspondence analyses of diversities of conotoxin genes with diversities of local prey items with the cca function in the package vegan in R v. 2.15.0. We estimated proportions of the total eigenvalues explained by each dimension and constructed biplots.
The relative positions and distances among populations in the CCA biplot represent their similarities in the gradient of dependent variables (diversities of conotoxin genes). Vectors of the two explanatory variables, H 0 and mean genetic distance of prey items, point to their higher values; angles of the vectors convey the relative correlations between the dietary variables; lengths of vectors represent the proportion of covariance of diversities of conotoxin genes explained by dietary variables.
As a control, we estimated the nucleotide diversity of mitochondrial COI gene sequences of populations of C. ebraeus at Guam, American Samoa and Hawaii presented by Duda & Lessios [24] with the Tamura -Nei model in ARLEQUIN v. 3.1. We also obtained estimates of haplotype diversities of COI from Duda & Lessios [24] . We estimated coefficients of linear regressions of haplotype and nucleotide diversities of COI with H 0 and genetic distances of diets at each location in R; we compared these values with values of the same coefficients estimated for the five conotoxin genes.
We also performed canonical correspondence analyses with a contingency figure 1 ). We also used genotype information for locus E1 for individuals from Hawaii and Guam that was previously reported by Duda et al. [26] . The five loci show no evidence of deviation from Hardy-Weinberg equilibrium or linkage disequilibrium (data not shown). We were unable to genotype a few individuals at some of these loci, a result that we interpret to have resulted from the absence of expression of these genes in these individuals (a similar phenomenon was described by Duda & Lee [55] ). Interpretation of chromatograms of all individuals revealed that each individual contained at most two unique sequences of each putative locus.
(b) Genetic variation of conotoxin genes and test of neutrality
The five conotoxin genes exhibit tremendous variation in their extent of genetic diversity. Loci ED4, ED6 and E1 (designated as 'highly polymorphic loci') exhibited higher levels of allelic and nucleotide diversity than loci ED20 and EA4 (termed 'conserved loci'; electronic supplementary material, table S5 and figure S2 ). We observed only three and two alleles, respectively, at the 'conserved loci' (ED20 and EA4); alleles of each locus exhibit only one non-synonymous substitution in the toxin-coding region (figure 1; electronic supplementary material, figure S2) . One of the alleles of locus ED20 (allele ED20c) probably represents a null allele based on the presence of a premature stop codon at the fourth Cys codon position (electronic supplementary material, figure S2) ; this allele was included in the population genetic analyses. The conotoxin genes exhibit substantial geographical differentiation and strongly contrasting patterns of variation. The three highly polymorphic loci possess fewer alleles and lower gene and nucleotide diversities at Hawaii, whereas levels of diversity at Guam and American Samoa are equivalent (electronic supplementary material, table S5). Allelic frequencies of the highly polymorphic loci also differ substantially among locations, especially at Hawaii (figure 1), a pattern that is supported by F-statistics (table 1) . Results from hierarchical AMOVA [34] 
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Guam AmSam Results from other neutrality tests of each locus at each location are consistent with the pattern revealed by Tajima's D, though significance was not reached at some locations after correction for multiple tests. Moreover, alleles of each locus exhibit an overwhelming prevalence of nonsynonymous substitutions in the toxin-coding region, with K a /K s ratios much larger than one (electronic supplementary material, figures S2 and S3).
(c) Geographical variation in diet
We obtained sequences of the mitochondrial 16S rRNA gene from faecal samples of 44 individuals from Guam, 19 from American Samoa and 34 from Hawaii, which represent 25 unique sequences (electronic supplementary material, figure  S4 ). Phylogenetic analyses of these sequences revealed a total of 14 putative prey species from the annelid order Eunicida and family Nereididae (order Phyllodocida; electronic supplementary material, figure S4 ). The majority of prey items represent Palola species; others include four additional putative eunicid species and three nereidid species (table 2). Sequences of four of the putative Palola species were observed previously by Schulze [56] (i.e. Schulze clades A1, A3, A6 and A9). Sequences of other tip clades/putative prey species did not match any 16S sequences of polychaetes from GenBank and were considered to represent different species of eunicids and nereidids (i.e. Palola AX1-3; Eunicida 1-4 and Nereididae 1-3; electronic supplementary material, figure S4 ).
Both the diversity of prey species and dietary composition differ among populations. Shannon's diversity index (H 0 ) and mean genetic distances of prey are lowest at Hawaii, whereas dietary diversities at Guam and American Samoa are similar (table 2) . Expected prey species richness values from rarefaction and downsizing to a common sample size of 19 are 2.37 for the population at Hawaii, 4.84 for Guam and 6.00 for American Samoa (electronic supplementary material, figure S5 ). Based on PS I values and measures of the phylogenetic disparity of prey items, the three populations exhibit significant differences in diet; only one prey species was shared among any populations (tables 1 and 2). figure 2a,b) . The dietary variables point to the direction of increase in diversities of conotoxin genes in the biplots ( figure 2a,b) , indicating the positive correlation between the two. Patterns of geographical differentiation of conotoxin genes, especially between Hawaii and the other two populations, are also associated with geographical heterogeneity in predatorprey interactions. The directions and lengths of vectors of dietary variables in the CCA ordination (figure 2c) reveal that geographical divergence of conotoxin genes (F ST ) is positively associated with prey heterogeneity (D ST ), but inversely related to prey similarities (PS I ), results that are also supported by regression analyses (electronic supplementary material, table S9). The strength of the association between diversities of conotoxin genes and diet originates from the three highly polymorphic loci; the two conserved loci exhibit no structure among populations. Nonetheless, examination of the mitochondrial COI locus revealed no association between patterns of differentiation and dietary diversity and heterogeneity (electronic supplementary material, table S8).
Discussion
Conotoxin genes of C. ebraeus from American Samoa, Guam and Hawaii show contrasting patterns of variation. Two genes exhibit low levels of diversity, with few alleles and no evidence of differentiation among populations. Three genes are highly polymorphic and exhibit significant differentiation between Hawaii and the other locations. While each population appears to interact with a distinct set of prey species, the population at Hawaii has the narrowest dietary breadth.
(a) Adaptive evolution of conotoxin genes
Populations of C. ebraeus in the Indo-West Pacific do not exhibit genetic differentiation at the mitochondrial COI locus [24] . This implies that populations experience high levels of gene flow. Moreover, high levels of haplotype diversity at COI (0.963 at Hawaii, 0.978 at Guam, 0.947 at American Samoa) suggest that this species has maintained a large population size throughout much of the Pleistocene [24] . Similar to the neutral mitochondrial COI locus, two conotoxin genes we examined, ED20 and EA4, do not show any differentiation among populations (table 1) . However, the much lower levels of haplotype diversity exhibited by these two conotoxin genes (electronic supplementary material, table S5), as well as their negative Tajima's D (electronic supplementary material, table S7), imply that purifying selection may be operating at these loci, or that advantageous alleles at these loci recently swept through the populations. The putative null allele of locus ED20, allele ED20c, was inferred from the chromatogram of a single individual, and thus could be an artefact owing to an amplification error. Nonetheless, exclusion of this allele does not change the pattern observed 
The patterns of geographical variation exhibited by the three highly polymorphic conotoxin loci, however, contrast strongly with the lack of differentiation presented at COI (table 1) . This implies that patterns of variation at these loci may have been achieved by selection, despite high levels of gene flow among locations. Patterns of variation at all conotoxin genes examined are likely to have been affected by selection rather than drift and demography. Multiple tests of neutrality (electronic supplementary material, table S7) and the infinite K a /K s values (electronic supplementary material, figure S3 ) supported this notion. Moreover, different conotoxin genes appear to be subject to different modes of selection. Loci ED20 and EA4 may be subject to purifying selection based on their negative values of Tajima's D (electronic supplementary material, table S7). Locus E1 appears to be subject to diversifying selection, whereas loci ED6 and especially ED4 appear to be subject to contrasting modes of selection among locations based on the contrasting values of Tajima's D for the three populations (electronic supplementary material, table S7).
(b) Geographical variation in diet
Coincident with patterns of geographical variation at most venom genes, populations of C. ebraeus exhibit substantial differences in diets and considerable geographical heterogeneity in their interactions with prey (tables 1 and 2). Individuals at Hawaii possess the most distinct diet, with the lowest diversity and most uneven composition of prey species. At Guam and American Samoa, diets are broader and exhibit lower levels of divergence relative to Hawaii, but are still significantly different (tables 1 and 2). Because the methods we used to quantify and characterize diets measure the representation of particular species in diets (H 0 and PS I ) and the extent of the genetic diversity of prey items (D ST and mean genetic distances), the differentiation of diets of these populations is consistently evident from both taxonomic and genetic perspectives. Although estimation of Shannon's index (H 0 ) requires that the sample sizes among locations are comparable [57] , rarefaction of samples from Hawaii and Guam to the lowest sample size (19) revealed results consistent with those revealed from estimates of Shannon's indices: the American Samoa population has the highest degree of dietary diversity, whereas Hawaii exhibits the lowest (electronic supplementary material, figure S5 ).
Differences in prey utilization among populations may have several explanations. These differences may stem from a heterogeneous distribution of prey species that determines the local availability of prey and so influences access to particular prey species on a spatial scale. Schulze [56] and Schulze & Timm [58] investigated the diversity of Palola species in the western Pacific (Guam, Pohnpei Kosrae and Palau), South Pacific (American Samoa and Vanuatu; P. viridis only), eastern Pacific (Panama) and western Atlantic (Belize). These works demonstrate that the genus Palola is composed of a number of distinct clades that probably represent distinct species; some of these species may be geographically restricted while others may be relatively widespread. For example, Palola A1 occurs at sites that were sampled in both eastern and western Pacific, including Guam. Palola A2 and A6 were exclusively found at Guam. Nonetheless, none of the C. ebraeus individuals from Guam that were examined here consumed Palola A1, A2 or A6, but Palola A1 represents the primary prey item at Hawaii (table 2) . Together, these observations suggest that some prey of C. ebraeus have the potential to possess broad distributions, but may be selectively targeted at different locations. However, temporal and seasonal variation in the availability or abundance of prey items in particular locations may also have contributed to geographical differences in diet. Our samples of C. ebraeus were mostly collected in June, July and August; the prey items identified may simply reflect the availability of polychaete species at this time of year. Temporal changes in prey communities that may be affected by specific periods of reproduction and settlement may also contribute to the geographical differences in prey utilization that were observed here. Alternatively, interspecific competition may limit access to prey, and such competition is heterogeneous among locations.
(c) Conotoxin gene evolution appears to be facilitated by differences in diet
The correspondence between patterns of variation of conotoxin genes and diets that we observed is manifested in two aspects: (i) levels of diversity of conotoxin genes are positively associated with levels of dietary diversity at each location; (ii) patterns of differentiation at conotoxin genes are concordant with patterns of heterogeneity in diet (figure 2; electronic supplementary material, tables S8 and S9). Because we are limited by the number of locations for which we have data, we cannot evaluate the significance of such an association, but canonical correspondence analyses permit an evaluation of the intercorrelated relationships of conotoxin genes and diets. Correspondence between diversities of conotoxin genes and diet is not exclusive to C. ebraeus; such an association has also been observed in another worm-eating species, C. miliaris. This species is a widespread member of the Conidae and underwent ecological release at Easter Island, where it consumes a greater diversity of prey than elsewhere in the Indo-West Pacific [59] . Coincidently, two conotoxin genes (MIL2 and MIL3) exhibit higher levels of diversity at Easter Island than at Guam and American Samoa [55] , despite the fact that they show similar levels of diversity at the mitochondrial COI locus (as calculated from data of Duda & Lee [55] ; electronic supplementary material, table S10). This phenomenon is also probably demonstrated by other venomous taxa. For example, snakes employ different envenomation strategies towards different prey [60] , and prey species differ in their responses to venoms of different snakes [61, 62] and spiders [63] . The positive relationship may be widely represented at other predation phenotypes, and especially those that are rapidly evolving.
Although Daltry et al. [11] detected a relationship between geographical divergence of venom and prey among populations of a Malayan pitviper species, debates arose over the universal applicability of this pattern and the existence of confounding factors [64] . For C. ebraeus, the association between differentiation at some conotoxin genes and divergence in prey utilization (figure 2c; electronic supplementary material, table S9) is not observed in all cases, but instead is only evident for comparisons involving Hawaii. At American Samoa and Guam, C. ebraeus shows considerable differences in prey rspb.royalsocietypublishing.org Proc. R. Soc. B 282: 20141984 utilization but exhibits no differentiation at the highly polymorphic loci (tables 1 and 2, and figure 1 ). Selection regimes may be more intense at Hawaii than at these other locations, possibly as a consequence of episodic limited availabilities of resources at this locality, a phenomenon that accounts for selection on beak morphologies of Galapagos finches [65] . Similar to the peripheral speciation mechanism presented by Mayr [66] , local selection pressures may generate more prominent effects at the range edges of species, because gene flow involving these locations is lower than in the centre of their distributions, a pattern evident in several Conus species [25] . Results from analyses of patterns of variation of C. miliaris, in which the most isolated and peripheral population at Easter Island exhibits the highest levels of differentiation at conotoxin genes and COI [55] , support this scenario. In addition, even though it is a very minor degree of overlap, populations of C. ebraeus from Guam and American Samoa show more overlap in prey utilization than does either population with Hawaii. Perhaps this overlap prevents differentiation at the conotoxin loci we examined. Clearly, more studies of prey utilization and venom composition are needed to clarify the processes associated with the differentiation of venoms as impacted by diets.
The evolution of conotoxin genes exhibits high resemblance with that of major histocompatibility complex (MHC) genes in host-pathogen interactions. MHC gene polymorphism is maintained by heterozygote advantage, negative frequencydependent selection or varying selection in response to temporal changes in associations with pathogens [67] [68] [69] [70] . Similarly, patterns of diversity of the three 'highly polymorphic' conotoxin genes may be affected by negative frequency-dependent selection, in which rare alleles confer advantage in capturing prey. Temporal shifts of selection, affected by temporal changes in prey availability or prey preference, may also have led to patterns of variation that we detected. In some taxa, patterns of variation at MHC genes are substantially different from those of neutral loci [71, 72] . For example, differentiation of MHC loci among populations of grey seals is associated with habitat differences [71] . Similarly, the significant geographical structure exhibited by conotoxin genes, in contrast to the lack of structure at a putative neutral locus (i.e. COI), may reflect an adaptive response of the venoms of populations to distinct sets of interactions with prey. Because cone snails are able to paralyse and consume organisms in captivity that they have never encountered before (e.g. earthworms; personal observations and communications with Alan Kohn, University of Washington, 2009, 2012), conotoxin gene evolution presumably depends more on the efficiency and speed of prey capture as opposed to simply the ability to capture prey.
The contrasting patterns of variation illustrated by different conotoxin genes, a phenomenon also detected in venoms of pitviper species [11, 15] , imply that conotoxin genes, including members of the same gene families, do not evolve in a concerted or universal manner, and functional roles of these genes' products differ. Some venom genes may track divergent targets and undergo adaptive divergence, whereas others track conserved targets and do not. The conotoxin gene families examined here target different ion channels and neuronal receptors: A-superfamily a-conotoxins (locus EA1) bind to nicotinic acetylcholine receptors, O-superfamily d-conotoxins (loci ED4, ED6 and ED20) block voltage-gated sodium channels, and O-superfamily v-conotoxins target calcium channels [18] . Differences in the evolution of genes from different gene families may be driven by heterogeneous evolutionary rates or trajectories of ion channels and neuronal receptors in prey.
Conclusion
Populations of C. ebraeus exhibit substantial differences in diet in terms of the particular species that are preyed upon and dietary breadth. Conotoxin loci show substantial variation in their patterns of diversity with among-locus differences in allelic richness, levels of differentiation among populations and modes of selection operating on loci. The impact of geographical mosaics of species interactions on the differentiation of genes associated with phenotypes that operate at the interface of these interactions is not entirely clear. Impact appears to be most pronounced among populations that have differences in the number and diversity of interacting species, but differences in the composition of prey species alone does not appear sufficient to drive differentiation at all venom genes examined. Nonetheless, we surveyed only a subset of genes that are related to prey capture and analyses of additional genes may reveal loci that do show patterns of differentiation that match differences in prey utilization. What is clear is that genes that contribute to the predatory phenotype of C. ebraeus are likely to exhibit distinct functions and are differentially affected by selection.
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